Diabetes has become a health problem of increasing significance in the past two decades. The number of individuals with diabetes will reach 366 million in 2011 and will increase to 552 million by 2030 ([@B1]). In Canada, the age-standardized incidence and prevalence of diabetes have been increasing in recent years ([@B2]).

A challenge with type 2 diabetes is the late diagnosis of the disease because many individuals who meet the criteria are often asymptomatic. Approximately 183 million people, or half of those who have diabetes, are unaware they have the disease ([@B1]). Furthermore, type 2 diabetes can be present for 9 to 12 years before being diagnosed and, as a result, complications are often present at the time of diagnosis ([@B3]). Insulin resistance and β-cell dysfunction are largely responsible for the development of diabetes and its related complications, and both are present very early in the natural history of diabetes ([@B4]). However, the potential does exist to prevent or at least delay the onset of type 2 diabetes because several randomized control trials have shown that both lifestyle and pharmacologic interventions in adults are effective ([@B5]--[@B8]). In addition to preventing diabetes, it is also possible to reduce diabetes-related complications through intensive blood glucose control. Results from the UK Prospective Diabetes Study (UKPDS) have shown that intensive blood glucose control reduces diabetes-related complications ([@B6]--[@B9]). Early detection of type 2 diabetes is critical because effective and active management is essential for those with newly diagnosed diabetes who have not developed complications.

Cardiovascular disease (CVD) is the most common comorbidity associated with diabetes, and with 50% of those with diabetes dying of CVD it is the most common cause of death ([@B1]). Acute myocardial infarction (AMI) and stroke are other common comorbidities associated with diabetes. Individuals with diabetes have an increased risk of all-cause mortality and morbidity related to CVD, AMI, and stroke compared with individuals without diabetes ([@B9]--[@B12]). Although studies consistently have found that individuals with diabetes have a higher risk of mortality and hospitalizations compared with those without diabetes, results have been inconsistent when comparing males and females. Most studies have found that females with diabetes have a greater risk of mortality and hospitalizations than males with diabetes ([@B9],[@B10],[@B12]--[@B17]). Two previous meta-analyses found that diabetes is a stronger risk factor for CVD mortality in females than in males; however, studies that did not adjust for major CVD risk factors were included in these meta-analyses ([@B18],[@B19]). A meta-analysis conducted by Kanaya et al. ([@B20]), which included studies that controlled for CVD risk factors, found that the risks associated with diabetes for coronary heart disease mortality, nonfatal myocardial infarction, and CVD were higher among females than males. However, the differences were not statistically significant.

Newfoundland and Labrador has the highest age-standardized prevalence of diabetes in Canada ([@B2]), and the age-standardized mortality and hospitalization rates for CVD, AMI, and stroke are some of the highest in the country ([@B21],[@B22]). A better understanding of mortality and hospitalizations associated with diabetes for males and females is important to support diabetes prevention and management. Therefore, the objectives of this study were to compare the risk of all-cause, CVD, AMI, and stroke mortality and hospitalizations for males and females with and without diabetes and those with early and late diagnoses of diabetes.

RESEARCH DESIGN AND METHODS {#s1}
===========================

This study was a retrospective cohort study using administrative databases in Newfoundland and Labrador. Databases included were *1*) Canadian Chronic Diseases Surveillance System (CCDSS), which uses provincial health insurance registries, hospital discharge records, and fee-for-service physician claims to identify individuals with diabetes; *2*) the Clinical Database Management System, which contains hospital separation data; *3*) the Newfoundland and Labrador Medical Care Plan fee-for-service physician claims database; *4*) the NLCHI Mortality System; and *5*) Statistics Canada Annual Mortality Data Files. Ethical approval for this study was granted by the Health Research Ethics Authority of Newfoundland and Labrador.

Exposed and unexposed groups {#s2}
----------------------------

The exposed group included all residents of Newfoundland and Labrador aged 25 years and older identified in the CCDSS as having diabetes diagnosed between 1 April 1998 and 31 March 2003. The CCDSS uses a nationally validated case definition to identify individuals with diabetes. One hospitalization or two or more fee-for-service physician claims with a diagnosis of diabetes within a 2-year period is required to be considered a diabetes case. Subjects remain in the CCDSS until a record of death is received or until they leave the province. The case definition used for the CCDSS has 86% sensitivity and 98% specificity for identifying individuals who had diabetes recorded in their primary care charts ([@B23]). The study entry date used for the exposed group was the diabetes case date.

Diabetes was classified as being diagnosed "early" and "late" depending on when diabetes-related comorbidities developed. Individuals early in the disease course would not have any diabetes-related comorbidities at the time of their case dates. On the contrary, a late-diagnosed diabetes patient would have comorbidities related to diabetes at the time of diagnosis. To classify those with diabetes diagnosed early and late, records for those with diabetes were linked to the Medical Care Plan and Clinical Database Management System data to identify when hospital and physician visits for diabetes-related comorbidities occurred, and these were compared with the diabetes case dates. Incident diabetes patients without any diabetes-related comorbidities within 6 months before or after the diabetes case date were classified as having early diagnoses, whereas those with a late diagnosis were defined as incident diabetes patients with diabetes-related comorbidities within 6 months before or after diagnosis. Some of the diabetes-related comorbidities that were used to define early and late status include retinopathy, neuropathy, nephropathy, coronary artery disease, peripheral arterial disease, cerebrovascular disease, and CVD.

Residents aged 25 years and older who had at least one hospitalization or physician visit between 1 April 1998 and 31 March 2003, and who were not identified in the CCDSS as having diabetes, were eligible to be included in the unexposed group. Using frequency matching by sex and 5-year age groups, each exposed individual was matched to four randomly selected individuals without diabetes.

Outcome and follow-up {#s3}
---------------------

The outcomes of interest were mortality and hospitalizations attributable to all causes, CVD (ICD-9 390--459; ICD-10-CA I00--I99), AMI (ICD-9 410; ICD-10-CA I21--I22), and stroke (ICD-9 430--436; ICD-10-CA I60--I64). The reference group used included individuals without diabetes for all analyses. Each outcome was assessed separately. Individuals who had a hospital separation or physician visit for CVD between 1 January 1995 and 31 March 1998 were excluded from the CVD analysis. Similar exclusions were made for the AMI and stroke analyses. For hospitalizations and all-cause mortality reported in this study, individuals were followed until 31 March 2008 (31 December 2007 for cause-specific mortality) or until one of two exit events (death or moved out of province). For the hospitalization analysis, hospitalization also was included as an exit event. Individuals who died before their study entry date (1 January 1995--31 March 2003) were identified by linking to the NLCHI mortality system and the Statistics Canada Annual Mortality Data Files and were excluded.

Covariates {#s4}
----------

Region of residence, comorbidities, and socioeconomic status were considered covariates in the analysis. An urban place of residence was defined as an area with ≥5,000 inhabitants, whereas a rural place of residence was defined as an area with \<5,000 inhabitants. Approximately 5.5% (4,040) of the study subjects did not have information regarding place of residence. The most commonly occurring category was assigned to the missing cases. Comorbidities at baseline were estimated using the Charlson Comorbidity Index ([@B24]). Comorbidities were identified through diagnosis codes in the Clinical Database Management System data, and a comorbidity score, representing severity of illness, was assigned to each individual. Approximately 3.2% (2,338) of the study subjects did not have information regarding socioeconomic status, so values were imputed using the median value imputation method. Socioeconomic status scores were divided into five quintiles, with the first quintile representing the lowest income group and the fifth quintile representing the highest income group.

Statistical analysis {#s5}
--------------------

Characteristics of the study population are presented as means and proportions and stratified by sex, diabetes status, and early and late diabetes diagnosis status; χ^2^ tests were used for categorical variables, and *t* tests were used for continuous variables. In the mortality analysis, person-time was calculated from study entry date to date of death, termination of health insurance coverage, or 31 December 2007. In the hospitalization analysis, all-cause, CVD, AMI, and stroke hospitalizations were assessed separately. For all-cause hospitalizations, the person-time was calculated from study entry date to date of first hospital admission for any cause, termination of health insurance coverage, date of death, or 31 March 2008. For the CVD hospitalizations, date of first CVD hospital admission was used. Likewise, for AMI and stroke hospitalizations, date of first AMI hospital admission or stroke hospitalization was used, respectively. Cox proportional hazard models were used to calculate hazard ratios (HRs; with 95% CI). The main assumption of the Cox proportional hazard model is the proportional hazards assumption, which assumes the HR is constant over time. When the proportional hazards assumption was not met, an extended Cox model with an interaction term between survival time and the variable failing the proportional hazards assumption was applied ([@B25]). Interaction terms for diabetes and sex, early diagnosis and sex, and late diagnosis and sex were tested by the likelihood ratio test. When interactions were not significant, the analysis was not stratified by sex. All statistical analysis was performed using SAS version 9.2 (SAS Institute, Cary, NC) software.

RESULTS {#s6}
=======

The study sample consisted of 73,783 individuals, and mean age at baseline was 60.1 years (SD, 14.3 years). There were almost equal numbers of males and females: 37,790 (51.2%) and 35,993 (48.8%), respectively. Approximately half (53.9%) of the study sample lived in a rural area. Over the 10-year study period, 11,385 (15.4%) individuals died. The mean age at death was 77.9 years (SD, 11.0 years), and median survival time (time from diabetes diagnosis or study entry until death) was 43 months.

Characteristics of the study sample by diabetes status are presented in [Table 1](#T1){ref-type="table"}. For males, 20.5% (*n* = 7,751) had diabetes, whereas 20.6% (*n* = 7,401) of females had diabetes. The mean age at baseline was similar for males and females with and without diabetes. More males without diabetes lived in a rural area compared with males with diabetes (*P* \< 0.01), whereas more females with diabetes lived in a rural area compared with females without diabetes (*P* \< 0.01). Males and females with diabetes were more likely to die, to be younger at death, to have a shorter survival time, and to be admitted to the hospital than males and females without diabetes (*P* \< 0.01). When admitted to the hospital, individuals with diabetes stayed longer than individuals without diabetes for both males (6.4 and 5.6; *P* \< 0.01) and females (7.0 and 5.5; *P* \< 0.01), respectively.

###### 

Characteristics of the study sample by diabetes status
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Characteristics of the diabetes sample by early diagnosis and late diagnosis status are presented in [Table 2](#T2){ref-type="table"}. Both males and females with late diagnoses were significantly older at the time of diagnosis than those with early diagnoses (*P* \< 0.01). Males and females with late diagnoses of diabetes were more likely to be deceased at the end of the study period compared with those with early diagnoses (*P* \< 0.01). Those with early diagnoses were younger at death compared with those with late diagnoses (*P* \< 0.01); however, median survival time for both males and females with early diagnoses was significantly longer than that of those with late diagnoses (*P* \< 0.01). During the study period, males and females with late diabetes diagnoses were more likely to be hospitalized (*P* \< 0.01) and have a longer length of hospital stay compared with those with early diagnoses (*P* \< 0.01).
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Characteristics of the study sample by early and late diabetes diagnosis status
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Rates and HRs for mortality and hospitalizations by sex and diabetes status are shown in [Table 3](#T3){ref-type="table"}. Males with and without diabetes have higher rates of all-cause mortality and CVD hospitalizations than females. For CVD and AMI mortality, males without diabetes have higher rates than females; however, females have higher rates when diabetes is present. After adjustment for place of residence, socioeconomic status, and Charlson Comorbidity Index, both males and females with diabetes had an increased risk of dying of all causes and being hospitalized for CVD and AMI when compared with males and females without diabetes. The positive association between diabetes and all-cause mortality, CVD mortality, and AMI mortality was stronger in females than in males. Diabetes was positively associated with all-cause mortality (HR 1.85 \[95% CI 1.74--1.96\]) and CVD hospitalizations (2.57 \[2.24--2.94\]) for females, and the risk was significantly higher compared with their male counterparts (1.59 \[1.51--1.69\] and 1.92 \[1.72--2.14\]).

###### 

Mortality and hospitalization rates and adjusted HRs\* by sex and diabetes status
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Rates and HR for mortality and hospitalizations by sex and early and late diabetes diagnoses status are shown in [Table 4](#T4){ref-type="table"}. An early diagnosis does not appear to have an impact on all-cause mortality, CVD mortality, AMI mortality, or stroke mortality. However, the hospitalization results show that an early diagnosis does increase the risk of all-cause, CVD, and AMI hospitalizations compared with individuals without diabetes. After adjusting for covariates, males with late diabetes diagnoses had an increased risk of all-cause and CVD mortality and hospitalizations compared with males without diabetes. Similar findings were found for females. A late diabetes diagnosis was positively associated with CVD mortality (HR 6.54 \[95% CI 4.80--8.91\]) and CVD hospitalizations (5.22 \[4.31--6.33\]) for females, and the risk was significantly higher compared with their male counterparts (3.44 \[2.47--4.79\] and 3.33 \[2.80--3.95\]).

###### 

Mortality and hospitalization rates and adjusted HR\* by sex and early compared with late diabetes diagnosis status
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CONCLUSIONS {#s7}
===========

In this population-based retrospective cohort study, mortality and hospitalizations for males and females with and without diabetes and for those with early and late diabetes diagnoses were examined. After adjustment for covariates, diabetes was positively associated with all-cause mortality and CVD hospitalizations for females, and the risk was significantly higher compared with their male counterparts. After adjusting covariates, an early diagnosis does not appear to have an impact on all-cause, CVD, AMI, or stroke mortality. However, the hospitalization results show that an early diagnosis does increase the risk of all-cause, CVD, and AMI hospitalizations. Males and females diagnosed late with diabetes had an increased risk of all-cause and CVD mortality and hospitalizations compared with those without diabetes. The risk of CVD mortality and hospitalizations for females with late diagnoses compared with females without diabetes was significantly higher when compared with their male counterparts. Although diabetes increases the risk of mortality and hospitalizations for both males and females, females are at a higher risk than males. CVD in particular has a greater impact on females with diabetes than males, especially when diabetes is diagnosed late.

Previous studies also have found that individuals with diabetes have an increased risk of mortality and morbidity related to all causes, CVD, AMI, and stroke compared with individuals without diabetes ([@B9]--[@B12]). This study also found that females with diabetes had an increased risk of all-cause mortality, CVD mortality, and CVD hospitalizations compared with females without diabetes, and this was significantly higher compared with their male counterparts. The majority of previous studies have supported the claim that females with diabetes are at greater risk for mortality and morbidity than males with diabetes ([@B9],[@B10],[@B12]--[@B17]). In addition, the results of this study show that CVD has a greater impact on females than males with diabetes.

It is not known why females with diabetes have an increased risk of mortality and hospitalizations compared with males with diabetes. More males have diabetes diagnosed ([@B2]) and have diagnoses at lower BMI levels than females, which suggests that males are more susceptible to diabetes than females ([@B26]). One explanation is that CVD risk factors have a stronger impact on females than males. The Strong Heart Study compared differences in diabetes risk factors in males and females aged 45--74 years. Differences in waist-to-hip ratio, HDL cholesterol, apolipoprotein B, apolipoprotein A1, fibrinogen, and LDL size between females with diabetes and those without diabetes were greater than differences for males ([@B13]). Juutilainen et al. ([@B16]) investigated possible explanations for the stronger effect that diabetes has on the risk of coronary heart disease in females compared with males. Risk factors in the presence of diabetes were greater in females than in males at baseline. During follow-up, these risk factors were stronger contributors to diabetes-related coronary heart disease risk in females than in males. Moreover, Homko et al. ([@B27]) examined differences in CVD risk factors and risk perception among males and females with diabetes. Although A1C and fasting plasma glucose levels were similar, females with diabetes had higher cholesterol levels and were less likely to meet LDL and blood pressure targets. Although males and females had similar knowledge of CVD, females perceived their risk of CVD to be higher than males did. Also, females have an elevated risk of myocardial infarction and stroke before having diabetes clinically diagnosed, and risk of CVD in females begins to increase at least 15 years before diabetes is clinically diagnosed ([@B28]).

Another possible explanation is that CVD risk factors are less aggressively treated in females. Females with diabetes are less likely than males to have optimal blood glucose control (A1C \<7%), to be prescribed aspirin and lipid-lowering medications, and to achieve recommended blood pressure and LDL cholesterol levels ([@B29],[@B30]). In addition, results from the Newfoundland and Labrador Component of the Canadian Community Health Survey show that females with diabetes are less likely to be using insulin, to have their A1C levels tested, and to be prescribed aspirin and blood cholesterol medication compared with males with diabetes ([@B31]).

Barrett-Connor et al. ([@B32]) suggested that higher cardiovascular mortality risk observed in females with diabetes is a result of the larger survival advantage females have when diabetes is not present. This could explain the CVD and AMI mortality results found in this study. However, this does not explain the results for all-cause mortality and CVD hospitalizations because males had higher rates than females whether diabetes was present or not. In addition, risk of all-cause mortality and CVD hospitalizations were higher for females than for males.

Results from randomized controlled trials have found that the risk of microvascular complications can be reduced with intensive glucose control; however, the effect on macrovascular complications have been less clear ([@B8],[@B33]). The UKPDS, Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE), Veterans Affairs Diabetes Trial (VADT), and Action to Control Cardiovascular Risk in Diabetes (ACCORD) are randomized controlled trials that have been conducted to compare the effect of intensive glucose control with the effect of standard glucose control on CVD mortality and hospitalizations in patients with diabetes. These trials found that CVD events can be reduced with intensive glucose control; however, no significant effect on CVD mortality or all-cause mortality was found ([@B8],[@B33]--[@B36]). In fact, the ACCORD trial was stopped early because of higher mortality in the intensive glucose control group compared with the standard control group ([@B36]). Moreover, the ADVANCE, VADT, and ACCORD trials showed higher rates of hypoglycemia and weight gain in the group that was treated more intensively ([@B34]--[@B36]).

A recent meta-analysis of randomized controlled trials found limited benefits of intensive glucose-lowering treatments on all-cause and CVD mortality and concluded that the harm associated with hypoglycemia may offset any potential benefits of intense glucose control ([@B37]). Alternatively, the UKPDS 10-year posttrial follow-up found that significant reduction in microvascular risk persisted, and significant reductions in myocardial infarction and all-cause mortality were seen in the intensive control group during follow-up. The authors used the term "legacy effect" to describe the continued benefit of intensive treatment ([@B38]).

Patients in the ADVANCE, VADT, and ACCORD trials had diabetes for a number of years before entering the trial, whereas patients in the UKPDS had newly diagnosed diabetes. This suggests that the same A1C target and treatment plan should not be applied to all patients with diabetes. Perhaps the focus should be not only on glucose control but, rather, on all CVD risk factors. The Canadian Diabetes Association Clinical Practice Guidelines provide recommended targets for glycemic control and suggest that treatment strategies should be individualized, with consideration given to presence of risk factors. Early and aggressive treatment has been suggested for patients with a shorter duration and without a history of CVD, whereas less aggressive treatment may be suitable for older patients with a longer duration and a history of CVD ([@B39]). However, this recommendation does not take into account the greater CVD risk that females with diabetes have. Perhaps a better approach would be to consider different treatment plans based on sex and timing of diabetes diagnosis.

Limitations {#s8}
-----------

There are several strengths and limitations in this study. First, this was a large population-based cohort study with long follow-up time. In addition, multiple outcomes were studied and administrative data were used to identify hospital separations and deaths. However, there are also several limitations that need to be addressed. First, this was a retrospective cohort study and therefore not as strong as a prospective or intervention study. The CCDSS diabetes case definition does not differentiate between type 1 and type 2 diabetes. However, because most adults have type 2 diabetes diagnosed ([@B1]), it is unlikely to have a major impact on the results. Furthermore, the CCDSS diabetes case definition uses physician claims data. In Newfoundland and Labrador, one-third of the physicians in the province are paid on a salary basis. These physicians are not required to submit medical claims; therefore, information regarding these visits is not captured. As a result, the sample of diabetes cases may be less than the true number of incident cases. Also, some misclassification could have occurred because individuals with diabetes could have been classified as not having diabetes because a salaried physician provided most of their care. This also has the potential to impact findings by place of residence (urban or rural) because rural areas are largely serviced by salaried physicians.

Individuals who were hospitalized for CVD, AMI, or stoke before 1994 or 1995 cannot be identified. However, a washout period from 1 January 1995 to 31 March 1997 was applied to exclude those who had CVD, AMI, or a stroke event before the study start date and to help ensure that only newly diagnosed cases of diabetes were included.

Also, information regarding CVD risk factors was not available and thus could not be controlled for in the analysis. Finally, place of residence used in this study was the place of residence at the beginning of the study period. Movement from a rural to an urban region and vice versa throughout the 10-year study period could have occurred.

Conclusion {#s9}
----------

The results of this study show that females with diabetes have a greater risk of mortality than males with diabetes. CVD has a greater impact on females than males with diabetes, especially when diabetes is diagnosed at a later stage. Different management strategies should be considered for males and females and for those with early and late diagnoses of diabetes.
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